Introduction
Exposure to indoor airborne pollutants is a function of many variables, including pollutant infiltration, exfil tration, deposition, resuspension, filtration, and gener ation (NAS, 1981; Wadden and Scheff, 1982) . Measure ment of indoor concentrations will provide an obser vation of the end result of the combined influence of all these variables on indoor pollutant exposure, but concentration alone provides only limited information in identify ing the source of indoor exposures.
An important factor influencing residential indoor exposure is the source rate or emission of pollutants within the home due to home characteristics or occu pant activities. The identification of sources and a de termination of the contribution of these sources to in door air quality is an important step to evaluate indoor pollutant exposure. Estimation of pollutant emission rates in a residential environment, however, is compli cated due to the presence of a large number of sources within the home, the variability of sources between homes, an inability to measure emission rates directly, and for some pollutants, the large impact of outdoor sources on the indoor environment. The objective of this .study was to develop indoor pollutant emission rates for VOCs, PAHs and metals, and to evaluate the factors influencing emission rates.
Study Design
The "Southeast Chicago" study area has been defined as an eight square mile region bounded on the north and south by 87th Street and Sibley Boulevard, respec tively, and on the east and west by the Indiana state line and Western Av enue, respectively. The study area has been heavily industrialized for over 100 years and contains many known air toxic emission source types including coke plants, manufacturing facilities, munici pal solid waste landfills, population-oriented sources (i.e. home furnaces, lawn mowers, etc.), and on-road vehicles (Summerhays, 1991) .
For this study, measurements were taken in ten homes in Southeast Chicago over a 10-month period (June-April) in 1994-1995. Five homes in the Altgeld Garden area, two homes in the Torrence Avenue area, two homes in the Beverly area, and one home in Calu met City were selected. Study participants were se lected based upon results of a survey questionnaire by illinois Department of Public Health (IDPH) to deter mine willingness to participate. Homes with resident smokers were eliminated from the study.
Samples were collected in six homes (Home 1, 4, and 6-9) quarterly during each season, and Home 2 was sampled monthly over the 10-month study (June-Ap ril). Home 3 was sampled monthly from June to Aug ust, then sampled quarterly thereafter, and home 5 was sampled monthly from September to the end of the study. Home 3 was originally selected to be sampled monthly throughout the study, however, due to the in troduction of a smoker into home 3, home� was used as a substitute for the remainder of the study. One sample was collected from home 10.
Tw enty-four-hour indoor air samples were collected from midnight to midnight, concurrent with U.S. EPA ambient air sample collection. Sampling equipment was placed in the residences the day before and re moved the day following the 24-h sampling event. Samples were collected in the kitchens of the homes as close as possible to the breathing zone.
A questionnaire, developed by IDPH for this study, was administered to study participants after each sam pling event. The questionnaire was designed to measure variables that may influence pollutant pene tration, dispersion, and source strength. Potential influ encing variables that were measured included house hold activity levels, household chemical sources, and factors that could affect ventilation. Specific variables included foods cooked, cleaners used during sampling, visitors during sampling, noticeable odors by occu pant, chemicals used by occupant, window open sta tus, and air-conditioning use.
Simultaneous outdoor air pollution samples were
50
. I collected and analyzed by the U.S. Environmental Pro tection Agency. Ambient samples were collected at four sites: 1) Carver High School, 13100 South Doty Av enue; 2) Orville T. Bright School, 10740 South Cal houn; 3) Washington High School, 3535 E. 114th St.; and 4) Calumet City Tr ailer, Paxton Avenue and State Street. The indoor and ambient air sampling events were coordinated and performed concurrently throughout the study period.
Objectives
The overall objective of this study was to model indoor emission rates for the toxic pollutants selected. Five major steps were required to achieve this goal. 
Methodology
Indoor Air Monitoring and Sample Analyses
Volatile Organic Compounds
The VOCs were collected with SUMM A canisters equipped with a low flow controller and programm able timing device. Approximately 3.5 ml/min of air was sampled over the 24-h sampling period for a total volume of 5 liters. Pre-and post-flow calibration meas urements were performed using a mass flow calibrator during equipment placement and removal activities. Canisters were flushed with ultra-pure nitrogen and evacuated before sampling. The flow control devices were also flushed with nitrogen before sampling. The canisters were analyzed in accordance with the U.S. EPA Compendium Method T0-14 by Gas Chromato graphy with Selected Ion Monitoring Mass Spec trometry (GC/MS). The indoor methylene chloride concentrations were unusually high when compared to results of other studies (Wallace, 1987) . The elevated methylene chlor ide concentration may reflect the presence of methyl ene chloride sources in every study home or the pres ence of a sampling or analytical artifact. However, based upon the available information, the reported methylene chloride concentrations were likely associ ated with an analytical artifact.
Polycyclic Aromatic Hydrocarbons
PAHs were collected with high flow pumps at a target flow rate of 25 liters per min for 24 h through a PAH collection tube, for a total volume of approximately 36 cubic meters. The PAH samples were collected at ap proximately 1.5 meters above the floor. Pre-and post flow calibration measurements of air flow were made during equipment placement and removal activities, respectively, using a calibrated rotameter.
The PAHs were collected in a tube which contained a quartz fiber filter in front of 5 grams of XAD-2 sor bent and a polyurethane foam plug (PuF). The samples were analyzed by GC/MS.
Elements
Elements were collected with high flow pumps at a target flow rate of 25 liters per min for 24 h through a quartz fiber filter, for a total volume of approximately 36 cubic meters. The elements samples were collected at approximately 1.5 meters above the floor. Pre-and post-flow calibration measurements of air flow were made during equipment placement and removal activ ities using a calibrated rotameter.
Particulate matter w � s collected with a 37-mm filter cassette containing a quartz fiber filter with a cellulose support pad. Filters were digested using hot acid and analyzed by Inductively Coupled Argon Plasma (ICP) spectroscopy. Lead, arsenic, and selenium were ana lyzed using Graphite Furnace Atomic Absorption Spectroscopy.
Ventilation Efficiency Monitoring System (VEMS)
Indoor carbon dioxide (C02), temperature, and relative humidity measurements were recorded with each sam pling event, after the initial sampling round on June 14, 1994. C0 2 (ppm) was measured with a Telaire ™ C02 sensor (Model 1050), which uses a non-dispersive infrared carbon dioxide sensor. Temperature (°F) was measured with the Te laire ™ temperature sensor (Model 1058T), and relative humidity (l-100%) was measured with the Telaire ™ relative humidity sensor (Model 1058RH). C0 2 1 temperature, and relative hu midity' measurements were recorded with the Rec ordaire ™ data logger. The 24-h average concentrations of C02, temperature, and relative humidity that co incided with the sampling event were derived from the continuous monitoring record. Nine VEMS sets were used during the study and were calibrated on a quar terly basis.
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Ambient Air Monitoring
Samples were collected at each of the four monitoring stations approximately every 12 days. Field duplicates were obtained for QA/QC purposes. There was one duplicate at one site 10% of the time for voes and elements, and one duplicate at all sites 10% of the time for PAHs.
Volatile Organic Compounds
The samples were collected using the Anderson Vol atile Organic Compound Canister Sampler (VOCCS). The canisters were cleaned and evacuated to approxi mately 30" Hg vacuum. An air sample was drawn into the canisters with a Viton Diaphragm pump. The flow rate was controlled by a mass flow controller. The initial and post-sample flow rates were checked during equipment preparation and removal, respec tively. A programmable digital timer was used to ac tivate the pumps and sample between 12:00 a.m. and 12:00 a.m. local time. A maximum/minimum ther mometer was set up and the interior temperature was recorded during equipment preparation. After sam pling, the final elapsed time meter reading was re corded along with the interior maximum and mini mum temperatures.
Blank canisters were filled with humidified zero air and placed in the sampler at Wa shington High School. Duplicate samples were collected ten percent of the time at Washington High School. The samples were analyzed in accordance with the USEPA Compendium Method T0-14 by Gas Chromatography with Selected Ion Monitoring Mass Spectrometry (GC/MS).
Polycyclic Aromatic Hydrocarbons
PAH samples were collected using the Anderson Model GPSI Polyurethane Foam (PuF) Sampler. A dual chambered aluminum sampling module contained a 102 mm quartz fiber filter and a glass cartridge with a combination of XAD-2 and PuF. The initial and post sample flow rates were checked during equipment preparation and removal, respectively, using a mag nehelic gauge. Blanks were collected at Washington High School. Duplicate samples were collected 10% of the time at all sites. The filters and XAD-2/PuF combi nation cartridges were analyzed in accordance with the U.S. EPA Compendium Method T0-13.
Initially, the glass cartridge contained a PuF filter only. Based upon a USEPA Method and Quality Assur ance Branch (MQAB) review, the combination XAD-2 and PuF filter was substituted for the PuF filter only approximately half way through the study.
Elements
Elements were collected using the Anderson Model GWML-2000H Hi Vo lume sampler with a flow range of 1.17 to 1.83 cubic meters per minute. The initial and post sample flow rates were checked during equip ment preparation and removal. A programm able digi tal timer was used to activate the pumps and sample between 12:00 a.m. and 12:00 a.m. local time. Field blaJ1ks were collected at Wa shington High School. Duplicate samples were collected ten percent of the time at Wa shington High School. Filters were digested using hot acid and analy zed by Inductively Coupled 
where C is the concentration indoors (C;) and outdoors (C0); t is time; q is volumetric flow rate for make-up air (q0), recirculation (q 1 ) and infiltration ( q2); Fi s filter efficiency for make-up (F0) and recirculation air ( F1 ); V is room volume; S is indoor source emission rate (hr-1 ); R is indoor sink removal rate; and k is a mixing factor which varies from 0 to 1 (Wadden and Scheff, 1982) . A steady state solution for Equation 1 can be derived by calculating the change in C; with t, holding all other factors constant and with boundary values C; =Cs at t=O, and subsequently letting t approach infinity. This results in Equation 2,
where Ci,ss is the steady-state indoor concentration and E is a proportionality constant for the particular pol lutant of interest, such that R=EC;. A modified form of the steady-state model that incor porates an estimate of pollutant penetration, deposition l oss, and a single ventilation term for infiltration in to the study homes can be represented by equation 3.
(Kq)PCo+S
where P is the penetration factor (the fraction of par ticulate matter that penetrates the building shell) and E represents the surface area to volume ratio of the home (cr) times the room volume times the particulate matter deposition velocity, ud (Koutrakis and Briggs, 1992) . Assumptions for Equation 3 include no resus pension of indoor pollutants and a constant emission rate over the measurement or modeling interval.
Results
Indoor Air Quality
Results from the indoor air sampling are presented here. Results from the ambient air sampling, and cli matic factor observations have been presented (Rizzo and Scheff, 1998) . Qu ality assurance was performed on the indoor data by the Illinois Department of Public Health. VOC, PAH, and elemental concentrations that were qualified as quantified (> 10 times the mean blank concenh·ation) and estimated (between 3 and 10 times the mean blank concentration) were included in the data analyses. VOC, PAH, and elemental concen-trations identified as analyzed but not detected were assigned a zero value. All compounds not analyzed were designated as missing values. PAH and elemental results were blank corrected using the mean values de termined from respective blank filter analyses.
Indoor VOC concentrations are summarized in Tab le Similar to the US Environmental Protection Agency TEAM study, concentration results are presented rank ed in order of frequency of occurrence (Wallace, 1987) . Four frequency groups are specified: 1) ubiquitous (>75% of results above analytical detection limit); 2) often found (25-75% of results above analytical detec tion limit); 3) occasionally found ( <25% of results above analytical detection limits); and 4) never found (no results above analytical detection limits).
l. Tw enty-four of these compounds were also included in the ambient air study. Indoor PAH concentrations are summarized in Table 2 . Fourteen of these com pounds were· also included in the ambient air study. Indoor elemental concentrations are summarized in Table 3 . Nineteen of these elements were also included in the ambient air study. A summ ary of temperature, carbon dioxide, and relative humidity by indoor loca tion is included in Table 4 . The 24-h means for tem perature, C02, and relative humidity were derived from a continuous monitoring period that started dur ing equipment installation and ended during equip ment removal from the home, approximately 48 h. A second questionnaire designed to measure vari ables that may influence pollutant penetration, disper sion, and source strength in the study homes was ad ministered to study participants after each sampling event. Specific variables surveyed included: foods cooked, cleaners used during sampling, visitors during sampling, noticeable odors by occupant, chemicals used by occupant, window open status, and air con ditioning use. Based upon a positive response to one or more of these variable categories, additional inquiry was performed at the discretion of the field technician. Table 6 is a summary of the variable name, description of variable, categorical definition, and number of re sponses greater than zero recorded.
Infiltration
Estimates of infiltration were derived from the C02 measurements and generation rates. Carbon dioxide generation rates were derived from estimates of hu man sources and gas stove usage. Human sources were estimated from occupancy and the occupant's activity. Employed individuals and students time spent at home was estimated to be 60%. Unemployed individ uals, infants/toddlers, and elderly time spent at home was estimated to be 75, 85, and 95%, respectively. Oc cupancy estimates were also adjusted based upon ob servations denoted in the sampling questionnaire.
Occupancy activity was assigned to one of three levels: 1) sleep; 2) active awake; and 3) passive awake to occupants. A metabolic activity was assigned to each level of activity based upon 2 m 2 /person, where 1 met unit = 50 kcal/h · m 2 =metabolic rate of a person sitting at rest in a comfortable environment (Scheff and Wadd en, 1982) . The relationship between met units and ac tivity levels are as follows: sleep (0.7 mets), active awake (2.5 mets ,for adults and 2.95 mets for children), and passive awake (1 met) . Met units for children and infant/toddlers were reduced by 50 and 75%, respec tively, to account for decreased C02 output. Individual C02 emission rates were then calculated and summed for each home, using a 0.53 ft3 C02/ met · h · person conversion factor (ASHRAE, 1989) . Carbon dioxide generation rates for gas stove emis sions were calculated assuming a heat input rate of 2500 kcal/burner · h and an emission factor of 200 ,000 µg C02/kcal (Wadden and Scheff, 1982) . The average C02 emission factor was 8.3 g C02/burner min. Gas stove burner minutes were estimated from cooking ac tivities reported on the sampling survey.
Infiltration was estimated using a one compartmen t mass balance model. The model defines the relation ship between outdoor air flow rate, generation of C02 indoors, indoor C02 concentrations, and outdoor C02 concentrations. Assigning a zero value to E, an equa tion to determine air exchange rate can be derived from Equation 2:
where Sis the estimated C02 generation rate in home, Ci is the measured 24-h mean indoor C02 concentration, C0 is the typical outdoor C02 concentration (i.e. 356 ppm), and kq is the effective outdoor air flow rate (volume per time) where q describes the flow rate and k defines the mixing factor. With Vas the volume of the home, kq/V is the effective air exchange rate (h-1). Table 7 summarizes C02 emissions for occupancy, C02 emissions for gas stove use, indoor C02 concentrations, and calculated air exchange rates for each study home.
Penetration
The penetration of outdoor particulate matter into the homes was determined for specific elements using the mass balance model. Analysis of the Indoor/Outdoor concentration relationships indicated that seven ele ments had significant regression slopes. These ele ments were Pb, Se, Al, Fe, Mg, Mn, and Zn. In general, these elements all have significant outdoor sources. The remaining elements were determined to have sig nificant indoor sources (did not show significant in door I outdoor relationships) and were not used to esti mate penetration.
The penetration factor describes the amount that the infiltration of particles is reduced due to the filtering effect of the building shell. Under steady-state con ditions, if there is no generation or resuspension of par ticles, penetration can be calculated from deposition loss rate, the infiltration rate, and I/0 concentration ratio (Thatcher and Layton, 1995) . Assuming a depo sition velocity, ud, equal to 0.0005 cm/ s (Sinclair and Psota-Kelty, 1988) and 'a surface area to volume ratio (cr) equal to 2 m-1 (Kputrakis and Briggs, 1992), a where deposition velocity, Uct, is assumed to be appli cable only to elements; penetration, P, is only appli cable to elements; house volume, V, is house specific; infiltration, k q /V, is date and home specific, and S is the emission rate. VOe and PAH compound penetra tion efficiencies were assumed to be one and the aver age penetration efficiency (0.89) was applied to ele ments. A deposition velocity of zero was assumed for both PAHs and voes. All emission rates are based upon 24-h measurements of indoor/outdoor pollutant and eo2 concentrations.
Emission rates were calculated for each individual indoor concentration measured. Tables 9, 10 summarize the emission rates for the VOes, PA Hs, and elements, respectively. All voe median emission rates . were positive suggesting significant indoor sources of the compounds measured. Excluding methylene chlor ide, the voes with the five highest median emission rates were (1) m,p-xylene, (2) toluene, (3) 1,1,1-trichlor oethane, (4) propylene, and (5) ethylbenzene. In con trast, only four PA Hs had positive median emission rates (naphthalene, fluorene, acenaphthene, and fluor anthene) . Of the elements measured, only sodium had a positive median emission rate. This suggests that the dominant source of most components of indoor par ticulate matter is outdoor air.
Emission Factors
Emission rates have the dimensions of mass released per unit of time. Emission rates can be grouped or In this study, pollutant emission factors were deter mined by using either univariate statistics or with re gression analysis. Using the univariate approach, spe cific pollutant emission rates were grouped by the presence or absence of a source activity (i.e. glue stor age or no glue storage) and mean emission rates were calculated for each pollutant within these source cate gories. The difference between source and non-source emission rates is the emission factor for the predictor variable. For example, for benzene (pollutant) and glue
The emission factor can also be determined using a re gression analysis between specific pollutant emission rates (Y) and a source activity (X). For example, S s p e cific p ollutant= �o + � 1 A + E, where �o is the regression inter cept, and � 1 is the parameter estimate or emission factor for the predictor variable, A. Linear regression analysis was used to examine the relationship between variables with a range of responses to pollutant emissions.
Tables 12, 13 and 14 summarize significant emission factors for VOC, PAH and elements, respectively. These tables show the specific variable and the number of measurements that the emission factor is based on. For example, Table 12 shows that there were 17 samples of voes in homes with driers vented indoors, and that this activity resulted in an emission of 1,950 µg/h of m,p-Xylene. Excluding methylene chloride, the significant emission factors for the kitchen-storage of-chemicals variable included 220 µg/h for a-xylene and 403 µg/h for ethylbenzene. It is interesting to note that the storage of mothballs was associated with emis sions of low molecular weight PAH compounds and that fried foods cooked was associated with PAH and elemental emissions. Table 13 also shows that signifi cant emission factors were found for three PA H com pounds resulting from one sample collected when a visitor smoked in a study home.
centrations were within a factor of 10 to 1000. As indi cated in Table 1 , the indoor VOC concentrations, with the exception of methylene chloride, are generally comparable to the other studies. The outdoor PAH and voes concentrations are generally comparable to other studies in the Chicago area (Sweet and Ve rmette, 1992) . The indoor and outdoor element concentrations appear to be in general agreement with results deter mined by other studies (Sweet et al., 1993; Sparks et al., 1990) .
Factors Influencing Indoor Concentrations
The ten sample homes in the study were either single family homes (N=S) or town houses (N=S). Over half of the homes were over 35 years old. Only four of the homes had garages, however none wereattached. None of the Altgeld Garden homes (N =5) had garages or basements. A majority of the homes reported using forced air heating, although only two homes had cen-
Discussion
Indoor and Outdoor Concentrations
Indoor VOC concentrations were highly variable. Simi lar to the TEAM study, the range of indoor VOC con- tral air conditioning and four homes had window air conditioning units. There were correlations between the presence of a central air conditioning system and a forced arr heating system (r =0.4-l) and between natural ventilation cooling (i.e., opening windows) and non forced air heating systems (r=0.33). No significant trends were observed between home age and heating system. These correlations indicate the potential for measured variables to be acting as surrogates for other variables in the study or variables not measured. Pol lutant source characteristics measured by the initial survey indicated that most homes stored paints, sol vents, or other chemicals in the kitchen, basement, or closets. Half the homes indicated routi.'1.e use of air fresheners, while only two homes stored or used moth balls. It should be noted again that no homes with smokers were included in the study. Forty-two percent of the housing characteristics as sociated with increased indoor pollutant concen trations were either in the general categories of chemi cal storage or chemical storage area . voes had the largest numbe1· of positive concentration associations with predictor variables, followed by PA Hs, and then elements. The predicted trend of increasing indoor voe concentrations with the storage of chemicals and mothballs in the home, and storage of chemicals near the sampling stations was observed. The predicted trend of increasing PA H concentrations with mothball storage or use was also noted, which is consistent with the intent to supply a continuou,s source of naphtha lene and other organics (i.e., p-dichlorobenzene) in the home.
Most of the PAH compounds with significant associ ations with survey variables had I/O ratios above 1, suggesting significant indoor sources. Elevated concenVOCs, PAHs and Elements in Urb an Homes trations of phenanthrene (P:::; 0.01) and anthracene (P:::; 0.001) were observed in the presence of a visitor who smoked. Significantly (P:::; 0.05) higher concen trations of s�veral VOC's including propylene, chloro methane, chloroethane, methylene chloride, n-octane, tetrnchloroethylene, ethylbenzene, xylenes, and m dichlorobenzene, were observed during use of air con ditioning, however, 12.5 percent of the observations for air conditioning use were missing values, indicating a potential bias in this association. Elevated o-dichloro benzene concentrations were observed with reported air freshener use, however, no significant association with p-dichlorobenzene was documented.
Infiltration
The continuous indoor monitoring of C02 in the homes during the sampling period was used with an estimate of C02 generation in the homes to calculate the sample specific infiltration. A linear regression be tween total C02 emissions and C02 concentrations re vealed a correlation of r 2 =0.19, suggesting the relation ship between measured C02 concentrations and the es timated indoor C02 generation rate was satisfactory. The calculated mean air exchange rate of 0.52 h-1 (standard deviation=0.70) was in substantial agree ment with air exchanges measured in other urban resi dential environments. In Colorado Springs, an average air exchange of 0.82 h-1 was reported in 23 homes (114 measurements) and in North Dakota, an average air exchange rate of 0.77 h-1 was reported for 17 homes (83 measurements) (Wadden and Scheff, 1982) .
Penetration
An important factor in estimating the impact of out door elements on indoor element concentrations is penetration efficiency. Seven elements (Pb, Se, Al, Fe, Mg, Mn, and Zn) had significant (P!S0.01) Indoor/Out door correlation indicative of outdoor dominated sources. For these elements, the mean penetration ef ficiency is 0.89. A penetration efficiency of fo.89 sug gests the buildmg shell is only slightly effective at re moving elements. It is interesting to note that of these seven elements, four elements (i.e., Al, Fe, Mg, and Zn) were determined to have significant indoor emissions when foods were cooked. If only penetrations from Pb, Se, and Mn are considered together as representative of elements without indoor sources, the mean penetration efficiency is 0.97. Koutrakis calculated penetrations be tween 0.84 and 0.89 (Koutrakis and Briggs, 1992) . Dockery and Spengler (1981) calculated the penetra tion of fine sulfate particles equal to 0.65. More re cently, Thatcher and Layton (1995) calculated penetra tion efficiencies of approximately 1.
Emission Factors
Many predictor variables had significant associations with pollutant emission rates, however, interpretation of these associations and examining the potential physicochemical mechanisms behind the associations is complex. For instance, the interpretation of the large number of associations between washer/drier-vented indoors variable and pollutant emissions is difficult. Since the washer I drier-vented-indoors variable is cor related with the general categories of location and race, it is difficult to specifically designate this housing trait as the sole contributing source for the associated sig nificant pollutant emission rates. Due to the large num ber of similarities between all the homes located in the Altgeld Gardens, it is not surprising that significantly different emission rates were observed between these homes and the remaining homes in the survey. Identifi cation of specific housing traits or activities associated with increased pollutant emissions within this group is beyond the scope of the housing characteristic survey.
voes had the largest number of associations with the category of chemicals used, specifically when air freshener use was reported. Excluding methylene chloride, the voe emission factors for reported air freshener use ranged from 67.5 µg/h for o-dichloro benzene to 3,700 µg/h for propylene. The emission of voes with the. reported use air fresheners has been documented previously. Pearson documented total voe emission ·rates of l.6X105-2.0X106 µg/m 2 /h from room deodorizers and Cohen observed elevated 1,1,1-trichloroethane and p-dichlorobenzene concen trations with air freshener use (Person et al., 1990; Co hen et al., 1989) . In summary, the significant emission factors associated with reported air freshener use are limited by the sampling questionnaire format and sample size, but indicate interesting specific compound associations to be examined in future studies and re enforce the results of other studies that identified in creased total voe emissions with air freshener use.
We also noted the association of significant VOC emissions with the kitchen-storage-of-chemicals. All the indoor samples were collected in the kitchen, and it is not unrealistic that emission factors were associ ated with kitchen-storage-of-chemicals. The presence of emission factors for both ethylbenzene and a-xylene reflects a possible common solvent source located in the kitchen (i.e., miscellaneous cleaners beneath the kit chen sink).
In examining the associations between PA Hs and predictor variables, the one event where smoking was reported (4 cigarettes) had significant associations with increased PAH emissions. PA H emission factors for this smoking event are reported in Table 13 . Smoking I I I has been identified as the single largest source of PA Bs in the indoor environment, and the PAHs with signifi cant emission factors have been previously associate d with smoking (Chuang et al., 1991) . Many additional PA Hs inay also be associated with smoking activity in the home, and the identification of only three signifi cant PAH emission factors likely reflects the small sample size (N=l). Additionally, due to the sampling questionnaire format, incidental smoking events may have been under-reported. The reported emission fac tors provide useful estimates of PA H emissions to be compared to future PAH studies and potentially used for exposure assessment.
Mothball storage was associated with significant emission factors for naphthalene, acenaphthene, phen anthrene, and fluorene. Naphthalene is a principle component of mothball crystals and elevated emissions associated with its presence are a function of this prod ucts use in the home. The significant emission factors associated with reported mothball storage are limited by this variable's 100% correlated status with race (His panic) and location (Torrence area).
Cooking activity was also associated with increased PAH emissions. The variable foods-cooked was found to have a significant association with increased emis sions of anthracene, chrysene, benzo(a)pyrene, and benzo(g,h,i)perylene, regardless of cooking type (i.e., gas stove versus electric stove). When type of foods cooked was examined, fried foods was also found to have significant emission factors for anthracene, benzo(g,h,i)perylene, and fluoranthene. Only anthra cene and benzo(g,h,i)perylene were also associated with both the categories of foods-cooked and fried foods. Of these five PA Hs associated with cooking ac tivity, only anthracene had a significant association (P::50.05) with estimated time spent cooking (0.05 µg/ h per cooking minute).
The USEPA Particle TEAM (PTEAM) study iden tified the two most important sources for elements were smoking and cooking. Element emission profiles associated with smoking and cooking were developed during the PTEAM studies. Elements associated with cooking included aluminum, iron, calcium, and chlor ine (Wallace, 1996) . Ozkaynak and others developed element emission rates from the PTEAM data and com pared them to source and influencing factors (Ozkay nak et al., 1993) . When cooking was identified as the source factor, Ozkaynak reported mean emission rates for Cu (36.2 µg/h), P (2.93 µg/h), Ca (869 µg/h), and Cl (318 µg/h). In the present study, Ca, Al, Fe, Mg, and Zn were elements with significant associations with cooking. As observed with PA Hs, when type of foods cooked was examined closely, Al, Ca, Fe, Mg, and Zn were found to have significant associations with the cooking of fried foods.
Conclusions
1. The mass balance model was a useful tool to assess sources and contributions to human exposures from indoor air pollutants. 2. Tw enty-four-h average C02 measurements, indoor C02 generation, and a steady-state one-compart ment mass balance model was used to determine ventilation in the homes studied. The mean air ex change rate of 0.52 h-1 is consistent with studies of infiltration in residences located throughout the United States. 3. The penetration efficiency of 0.89 for the homes studied is comparable to other recent calculations of penetration efficiency. These findings suggest that small diameter particles penetrate the building shell with an efficiency approaching that of nonreactive gases. 4. A large variation in home-to-home and day-to-day source rates was observed for the measured pol lutants. 5. Indoor VOC and PA H concentrations and emissions appear to be dominated by product use and occu pant activities. 6. Indoor element concentrations are generally domi nated by outdoor' sources. The prominent source of indoor element emissions measured in this study was cooking activities. 7. Future studies involving the use of C02 as a meas-
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VOCs, PAHs and Elements in Urban Homes urement of infiltration should include the measure ment of occupant activities related to C02 gener ation. 8. Unknown sources account for a significant portion of the indoor emission rates for VOCs, PAHs, and elements. Additional studies should identify these unknown sources. Special attention should be fo cused on unknown indoor sources of PAHs and ele ments.
